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Hicramteotoido hapacting unstergle spacecraft rurface matartala w i l l  

cause the release of unsterila ejecta; creating a potential SOZLICO of 

contminatioa, 

The experheatal program esseatiatly consist .  of.mbjscting typical . \  

epacecraft materiala, intentfonally. seeded wUh 8 kwAJn level of btolog%cal- 

contaminstion, to  bppervelocity irgact8. The skculatcd mricrumteoroidr a m  

for the target preparatiw and p a t - t e s t  biological aouay operatioabz a p  

-11 a8 tha swainte~xmnce of sterility of 8pecirnea.t~ and apparatus thr0u-t 

the -st  progr.ia, 
s 

, The hypemelocity impact test facil ity i r  located at Xmgantown, Pennsylvania, 

and is directed aud operated by the General Electric Space Science8 Laboratory. 
- -  

. 
This erperkental crtudy i s  ~ ~ ~ ~ l e u s e n t i B f l y  complete. 

activities, conducted to establish the fturibility o f  this program, haw 

The early test  

been reported in the General Blcctric Company, Voysger, Taak C Bi-Monthly 

. .  
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&ports Xoa. 1, 2, and 3. Ths form1 expmlmsatal effort war defined 

as a 32-teat aerier in Bf-Monthly &port Ho.4. garly e t a t w  of thir 

teat  sari88 v(u ptauented in  Docmwat No. VOY-CZ-M 10, A8 of th. emd 



In mveral of the earlier docugmnta resferred t o  in the Xntroduction, i t  

spall are both directly related to the crater produced at isjmct d areB 
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C. Preparation Pr ior  t o  P i r i n a  

1. Target materials a r e  %io-cleaacd"l and s ter i l ized in dry heat 

a t  160°C f o r  a minimum of 8 hours and then stored i n  s t e r i l i zed  

p e t r i  dishes pr io r  t o  inoculation. 

An aqueous suspeneion of spores of Bacillus s u b t i h a  var. ,dm 

are sonicated f o r  10 minutes in an ult rasonic  bath (Appendix A) 

containing cold water and cracked ice.  A n  al iquot  of the  suspension 

(0.01 milliliters) is assayed to  determine the level er number of 

spores actual ly  deposited on the target.  

accomplished by depositing approxbmtely 0.01 m i l l i l i t e r s  of spore 

suspension onto the center of the target. 

equally on both sides.  

of four  tests run a t  the same contamination l e v e l  and on the same 

day. 

area which 18 approximately 0.02 square inches. 

spore suspensions are he ld  in a re f r igera tor  at 4OC to prevent o r  re tard 

germination. 

Contamination is 

The t a rge ts  are seeded 

TMB procedure is followed for each set 

The droplet  is a l h u e d  to air-dry and forms a contaminated 

Aqueous stock 

After inoculation the  ta rge ts  are s tored 5n pre- 

sterilized p e t r i  dishes until ready fo r  insertion i n t o  the tes t ing  

apparatus. 

2. The Hicroparticle Projector (Figures 1 and 4 )  is a l so  %io-cleaned" 

and s t e r i l i z e d  with ethylene oxide (12% ethylene oxide, 88% frean 

(dichlorodifluoromethane) pr ior  t o  each test . 

According t o  the techniques f o r  cleaning s t a in l e s s  steel strips in 
NASA Standard Hiembiological Ertaminatlon of Spacecraft Hardvare, 
June 1966, National Aeronautics and Space Administration, 
Washhzton D.C. 
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polpsthyleaa bag aad rss l sd  by fo ld iag  over the top portion of 

the brrb threo fold8 m d  rtaplimg it cloued. It i r  placed i n  8 

eterllltlag ~hamber 8ud humidtfied for 01u hour to 8 0 8 U r O  th 

perrstrrsthm Of the -tar vapor Into the plaot lc  bg. A t  tha 

and of the hrrmidlfication, 8 vacuum i r  drawn on the chamber t o  

.. 

. 
chamber until a pressam of five poorrdr i r  reached & 600 130. 
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of t h ~  trap is filled with 2OdlLiliter8 of gelatin aod placed in 
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bot t led  and sonicated in a bath with cracked ice and cold w a t e r  for 

five minutes, A t  the camplation of the ul t rasonic  treatment, the e8mplea 

are diluted for quant i ta t ive assessment of .the rnicroorganlslns recovered. 

Tbs samples are assayed according to  the standard plate count technique 

(ref. Trypticase Soy Aga? i s  the p la t e  count medium. P la tes  

are incubated i n  an inverted position a t  37*C and observed f o r  microbial 

colony development at  24, 48 and 72 hours. 

P, Results 

The formal test series of 32 tests has been completed, A corapilatim of 

the direct assay results t o  date is presented in T a b l a  1 and 2, 

i v q m s e n t i q  the d e r s  of organisms recovered as a result of release 

fran the front face (top) and back face (bottom) of the tam-, 

respeeevely. Xn the tssts at  a law cantaraination level, the number of. 

risble t e a t  spores recovered was extremely d l  d the data  at thaw 

levels consequently less significant, It apparrt that a t  tb 10' 

level we have obtained pcre significant recoveries (See data  for furred 

silica, Tab- 1 and 2). 

0 

Inpact a- are being measured and analysis aill be =de to see if they 

correlate w i t h  the number of organhm released froa t h e  targets,  Tbe 

target8 are also be* assayed t o  detexmine the lltadber of viablo 

orgauisnm remaining on their surfaces (top and bottom). 

this data i n  c o n j ~ ~  w i t h  the i n i t i a l  level of contamination, will 

provids sane amasurement 88 to the d r s  lost o r  =led due to  particlr 

Reduction of 

4 
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G. Supplementary Tests and Test-@sults 

TABLE IUWGlXG LIALUATlOIO 

Four tests were conducted t o  determine the demee of table ban@- 

present in the experimental tes t  setup. One-eighth inch thick aluminum 

targets vere employed. 

the area of contamination was increased for each test. 

Each of the  four  t es t s  were identical except that 

Contamination 

a r e a  ranged f r m  0.07 to  0,7 aquare Inches. 

for contamination in a l l  four tests, had a spore density of 1.3 x 10 8 

epores/O.Ol milliliters. Consequently, as the contaminated target area 

The spore suspension, used 

increased, so did the to ta l  ntnnber of spores present on the target inCraase, 

Table 3 sham the data from these tests, 

pisare 6 depictiug the rmaibcr of orgnn+nsu recovered vs. tha contudnated 

ana, W c a t e a  an apparent incrvraae in recoverhi w i t h  increasSzq ccm- 

tsrraination area. Axxy extrapolation in the lower end of the cume iu 

totally tnraupportable. 'Ifto factora contribute t o  the 5nereashg recovery 

with inctcas2ng area; more inocolated organisms d a larger area p e r d t t h g  

mora hits. Hote that the point at about 0.5 in2 contamhated area i r  off 

the curve. In ccmjtmctim. note the far fewer hits (71) on thia m e  

Apparently, the number recovered 3a nmte closely d t e d  to  the lwabdr of 

him, Uunr t o  the area cmtamhd, ab ~ c 8 p  in Figure 7 ,  

Figure 8 incorporatea the deteradnation of hit arc~~8  for each target. T4e 

hit area its the sum of the areas of all craters. Dividing the number of 

reeovand organSsms by the hit area for any one target, puts the recovery 

assay data 011 a coamum bas- (1); accounting for  the rmcantrolmle 

variabha of d e r  of hits and hit s-. 



. 
Note that in Figure 8, recopssp per  h i t  area i e  relatively constant 

regardless of the size of the contaminated area. Further evaluatiaa 

of these reeult6 $8 undernay, ' 

The experimental apparatus described herein and shown i n  Fijpres 1, 2, 

4 and S was used to evaluate the ejecza site distribution. 

aeries of eight tests no biological contamination was employed. 

gelatin collection medium was replaced by paraffin since there were no 

biological constraints hiposed and the paraffin was more menable t o  

d n n t i g n .  

In thio 

The 

The saute four target materials were tested, namely 6061 and 2024 dtmiaw, 

Tat toa te  amd fused silica. 

and back face were collected and microecopf~y  counted. 

is shown in Table 4. 

conaiating of target material, cast iron from the projectflee, aud 

detonating cham debris, ie less than five microas in major dimension. 

. Ejecta fromboth the impacted (front) face 

The test data 

It may be noted that about 75% of the ejecta, 
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Number 
of H l ts  

80 

103 

71 

Om0032 

0,8047 

.- 0.0023 

-0,0149 

TABLE 3 

VARIAf3LE AREA TESfS 

Number 

3.3 

5 3 

3.2 

15.7 

1,05 

1.19 

1.39 

0 m 9 2  

D. 0755 

0,1960 

0,5030 

O m 7 0 9 0  

Number 
1 nnocu I ated 

(XloS) 

2.6 

5.2 
. .  

7.8 

. 1Om4 - r  
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TABLE 4 

PARTICLE SIZE OlSTRlFxzTlooJ 

6061 AI., 40 m l l  

2024 AL, 3 w l l  

Fused Slllca, 15 m i l  
* r  

Tct#tollte, 15 m l l  , 

P 

% Per Sire Range In MIcrons 

0-5 Sol0 10-15 713 

76.5 15.0 6.0 2.5 
78.0 15.5 3.5 3.0 

"E 
"E 

71.5 18.0 5.5 3.0 
85.5 12.0 1.5 . 1.0 
73.5 16.0 4.5 6.0 
70.0 18.0 7.0 5.0 

04.3 12.0 
81.0 14.0 
75.0 13.0 
81.0 14.5 

82.0 13.5 
89.0 8.0 
77.5 16.5 
73.0 14.0 

. 

2.0 t 03 
3.0 2.0 
3.3 6.3 
2.0 2.5 

1 .C 5.5 
2 s  1.0 
3.0 5.0 
4.9 9.0 

. . .  

. .  
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